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Acronyms and Abbreviations

< denotes a value that is "less than" the method detection limit
mg/L milligram per Liter

mV millivolts

ppm parts per million

ug/L micrograms per Liter

AST Aboveground Storage Tank

ASTM American Society of Testing and Materials

BTEX Benzene, Toluene, Ethylbenzene, and total Xylenes
DIPE Diisopropyl Ether

DCO; Dissolved Carbon Dioxide

DO Dissolved Oxygen

EC Electrical Conductivity

ETBE Ethyl Tertiary-Butyl Ether

EPA U.S. Environmental Protection Agency

FE Iron

MCDEH Mendocino County Division of Environmental Health
MCL Maximum Contaminant Level

MSL Mean Sea Level

MTBE Methyl Tertiary-Butyl Ether

MW-# Monitoring Well-#

NA Not Analyzed

NR No Reference

NOs nitrate

ORP Oxidation-Reduction Potential

RWQCB California Regional Water Quality Control Board, North Coast Region
SHN SHN Consulting Engineers & Geologists, Inc.

SO4 sulfate

TAME Tertiary-Amyl Methyl Ether

TBA Tertiary-Butyl Alcohol

TPHG Total Petroleum Hydrocarbons as Gasoline

UST Underground Storage Tank
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1.0 Introduction

This report presents the results of groundwater monitoring for the second quarter 2005, conducted
at the Branscomb Store. The site is located at 1 Main Street in the community of Branscomb,
California (Figure 1). SHN Consulting Engineers & Geologists, Inc. (SHN) performed this work on
April 20, 2005, on behalf of Harwood Products.

1.1 Organization

This report is presented in five sections. This section introduces the reader to the site. Section 2.0
discusses the scope of work completed at the site during the second quarter 2005, monitoring event,
including groundwater sampling. Section 3.0 presents the results of the groundwater-monitoring
program. Section 4.0 presents conclusions regarding the nature of the site, as well as
recommendations for future site activities. Section 5.0 presents a list of references cited.

1.2  Site Background

Branscomb Store contains an active retail fuel station that operates with an Aboveground Storage
Tank (AST) system. Two 1,000-gallon gasoline Underground Storage Tanks (USTs), and one 500-
gallon gasoline UST, were operated at the site from the late 1950s until 1990. In October 1991, the
three USTs were removed from the site. A representative from the Mendocino County Division of
Environmental Health (MCDEH) was present during the tank removals, and completed an
“Underground Hazardous Materials Storage Tank Abandonment Inspection Report.” According to
the MCDEH report, the former tanks were of single-walled steel construction, and all were noted to
contain small holes that may have been attributable to corrosion. Approximately 50 cubic yards of
soil were excavated during the tank removal activities. The former UST locations are shown on
Figure 2.

During the UST removals, a series of soil samples was collected from the former tank locations.
The soil samples were analyzed for Total Petroleum Hydrocarbons as Gasoline (TPHG); Benzene,
Toluene, Ethylbenzene, and total Xylenes (BTEX); and total lead. Laboratory analyses of the soil
samples that were collected revealed detectable concentrations of petroleum hydrocarbons.

SHN conducted a limited subsurface investigation at the site in April 1997. Five exploratory soil
borings were installed in the area of the former USTs. Temporary well points were then installed in
each boring for the collection of a groundwater sample. Information collected during this
investigation indicated that groundwater at the Branscomb Store site had been impacted by
petroleum hydrocarbons. The extent of petroleum hydrocarbon-impacted groundwater appeared
to be limited to the immediate area around the former UST locations.

In January 2000, SHN supervised the installation of four groundwater-monitoring wells (MW-1
through MW-4) at the Branscomb Store site, as approved by the California Regional Water Quality
Control Board, North Coast Region (RWQCB) on February 11, 1998 (SHN, 2000).
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Quarterly monitoring was initiated at the Branscomb Store site on February 22, 2000, as required by
the RWQCB. Groundwater monitoring occurred at the site for a period of one year, and was not
conducted for the following three years. On August 13, 2004, quarterly groundwater monitoring
was resumed at the site, and is ongoing.

In February 2005, SHN conducted a sensitive receptor survey, using a 1,000-foot search radius from
the Branscomb Store site. As described at length in the February 2005 Work Plan For Additional Site
Investigation (SHN, 2005), the results of the survey did not reveal any known or potential sensitive
receptors within the designated search radius that may be impacted from known contaminated
groundwater at the Branscomb Store site.

On February 3, 2005, SHN submitted a work plan for additional site investigation to the RWQCB,
for the purpose of assessing soil and groundwater conditions downgradient of the former UST
locations, as well as the area downgradient of monitoring well MW-2. The direction of
groundwater flow at the site has historically been west-to-northwestward.

2.0 Field Activities

2.1  Monitoring Well Sampling

SHN conducted the second quarter 2005, groundwater-monitoring event on April 20, 2005. As part
of the monitoring program, monitoring wells MW-1, MW-2, MW-3, and MW-4 were purged and
sampled (Figure 2). Prior to purging, each monitoring well was measured for depth to water, and
checked for the presence of floating product (none was observed). Electrical Conductivity (EC),
pH, and temperature were monitored periodically during purging activities using portable
instruments. All wells were also measured for Dissolved Oxygen (DO), Oxidation-Reduction
Potential (ORP), and Dissolved Carbon Dioxide (DCO,).

A groundwater sample was then collected from each well using a disposable polyethylene bailer.
The water samples were immediately placed in an ice-filled cooler, and submitted to the laboratory
for analysis under appropriate chain-of-custody documentation. Field notes and water sampling
data sheets from the April 20, 2005, monitoring event are included in Appendix A.

2.2 Laboratory Analysis

Each groundwater sample was analyzed for:

TPHG and BTEX, in general accordance with U.S. Environmental Protection Agency (EPA)
Method No. 8260B.

Fuel oxygenates Methyl Tertiary-Butyl Ether (MTBE), Tertiary-Butyl Alcohol (TBA),
Tertiary-Amyl Methyl Ether (TAME), Diisopropyl Ether (DIPE), and Ethyl Tertiary-Buty!
Ether (ETBE), in general accordance with EPA Method No. 8260B.

North Coast Laboratories Ltd., a state-certified analytical laboratory located in Arcata, California,
performed the sample analyses.
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2.3 Equipment Decontamination Procedures

All monitoring and sampling equipment was cleaned prior to being transported to the Branscomb
Store site. All smaller equipment was initially washed in a water solution containing Liquinox®
cleaner, followed by a distilled water rinse, then by a second distilled water rinse.

2.4 Investigation-Derived Waste Management

All rinse water used for decontaminating field-sampling equipment, and all well purge water was
temporarily stored on site in five-gallon plastic buckets. The water was then transported to SHN’s
1,000-gallon purge water storage tank located at 812 West Wabash Avenue in Eureka, California.
Approximately 32 gallons of decontamination and purge water from the April 20, 2005, sampling
event will be tested and discharged, under permit, to the City of Eureka municipal sewer system. A
copy of the discharge receipt will be included in the next quarterly monitoring report. Appendix A
contains the discharge receipt for the 31 gallons of water that were generated during the January 19,
2005, monitoring event.

3.0 Groundwater Monitoring Results

3.1 Hydrogeology

SHN measured depth-to-groundwater in the existing monitoring wells during the second quarter
2005 monitoring event (Table 1). On April 20, 2005, the direction of groundwater flow beneath the
Branscomb Store site was to the west, with an estimated gradient of 0.010. A groundwater contour
map for the April 20, 2005, monitoring event is presented as Figure 3. Historic groundwater
elevation data are presented in Appendix B, Table B-1.

Table 1
Groundwater Elevations, April 20, 2005
Branscomb Store, California

Sample Top of Casing Elevation | Depth to Groundwater2 | Groundwater Elevation
Location (feet MSL)! (feet) (feet MSL)
MW-1 1,529.31 8.39 1,520.92
MW-2 1,529.67 8.08 1,521.59
MW-3 1,526.61 6.10 1,520.51
MW-4 1,528.32 7.18 1,521.14

1. MSL: Mean Sea Level
2. Below top of casing
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3.2 Groundwater Analytical Results

The laboratory analytical results for the groundwater samples collected during the second quarter
2005, monitoring event are summarized in Table 2. TPHG was detected in the groundwater
sample collected from monitoring well MW-2, at a concentration of 460 micrograms per Liter
(ug/L). None of the other groundwater samples that were collected contained detectable
concentrations of TPHG, BTEX, or fuel oxygenates. The concentrations of TPHG, Benzene, and
MTBE in the existing groundwater monitoring wells on April 20, 2005 are shown on Figure 4. The
complete laboratory analytical report and corresponding chain-of-custody documentation are
included in Appendix C. Historic groundwater analytical data are presented in Appendix B, Table
B-2.

Table 2
Groundwater Analytical Results, April 20, 2005
Branscomb Store, Branscomb, California
(inug/ L)t

Sample
Location
MW-1 <505 | <0.50 | <0.50 | <0.50 | <0.50 <1.0 <10 <1.0 <1.0 <1.0
MW-2 4606 <0.50 | <0.50 | <0.50 | <0.50 <1.0 <10 <1.0 <1.0 <1.0
MW-3 <50 <0.50 | <0.50 | <0.50 | <0.50 <1.0 <10 <1.0 <1.0 <1.0
MW-4 <50 <0.50 | <0.50 | <0.50 | <0.50 <1.0 <10 <1.0 <1.0 <1.0

1. ug/L: micrograms per Liter

2. TPHG: Total Petroleum Hydrocarbons as Gasoline, analyzed in general accordance with EPA Method No. 8260B.

3. Benzene (B), Toluene (T), Ethylbenzene (E), and total Xylenes (X), analyzed in general accordance with EPA Method|
No. 8260B.

4. Fuel Oxygenates: Methyl Tertiary-Butyl Ether (MTBE), Tertiary-Butyl Alcohol (TBA), Diisopropyl Ether (DIPE),
Ethyl Tertiary-Butyl Ether (ETBE), and Tertiary-Amyl Methyl Ether (TAME), analyzed in general accordance with
EPA Method No. 8260B.

5. <:denotes a value that is “less than” the method detection limit.

6. Sample does not present a peak pattern consistent with that of gasoline. The reported result represents the amount
of material in the gasoline range. The peaks elute towards the end of the gasoline range.

TPHG? B3 T3 E3 X3 MTBE* | TBA* | DIPE4 | ETBE* | TAME*

3.3 Natural Attenuation Parameters

DO, DCO;, and ORP were measured prior to sampling in all four groundwater monitoring wells on
April 20, 2005, and are summarized in Table 3. DO concentrations ranged from 0.63 parts per
million (ppm) in well MW-2, to 2.07 ppm in well MW-3. These DO concentrations appear to be
sufficient to support biodegradation. DCO; concentrations ranged from 30 ppm in wells MW-3 and
MW-4, to 120 ppm in well MW-2, and indicate that biodegradation is occurring at the site. ORP
measurements ranged from -57 millivolts (mV) in well MW-2, to 218 mV in well MW-3, indicating
that mildly oxidizing conditions exist downgradient of monitoring well MW-2. Historic DO, DCO.,
and ORP measurements are included in Appendix B, Table B-3.
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Table 3
DO, DCO,, and ORP Measurement Results, April 20, 2005
Branscomb Store, Branscomb, California

Sample DO1 DCO3? ORP4
Location (ppm)2 (ppm) (mV)s
MW-1 0.76 40 202
MW-2 0.63 120 -57
MW-3 2.07 30 218
MW-4 1.01 30 216

DO: Dissolved Oxygen, field measured using portable instrumentation.

ppm: parts per million

DCO:: Dissolved Carbon Dioxide, field measured using a field test Kit.

ORP: Oxidation-Reduction Potential measured using portable instrumentation.
mV: millivolts

o wbdRE

When evaluating intrinsic bioremediation, it is useful to compare groundwater parameters
collected within the contaminant plume to groundwater parameters collected from outside of the
contaminant plume. Groundwater analytical results indicate that a petroleum hydrocarbon plume
is present in the area monitored by well MW-2. 1t is assumed that groundwater collected from
wells MW-3 and MW-4 is representative of background conditions. For this evaluation, wells MW-
2 (source area well) and MW-3 (downgradient well) were used. As shown in Table 4, all three
biodegradation indicators follow the trend that would be expected when biodegradation is
occurring.

Table 4
Intrinsic Bioremediation Indicator Comparison, April 20, 2005
Branscomb Store, Branscomb, California
Groundwater Bioremediation . Expected Trend for | Source g?;(;/;/:r;t Cons_istent
Units | Source Well Related | Well with
Parameter to Background MW-2 Well Trend
MW-1
TPH Concentration ug/L Decreases 460 <50 Yes
Dissolved Oxygen ppm? Increases 0.63 0.76 Yes
Dissolved Carbon Dioxide ppm Decreases 120 40 Yes
Oxidation-Reduction Potential | mV2 Increases -57 202 Yes
1. ppm: parts per million
2. mV:millivolts
G:\1992\092057 Branscomb Store\rpt\2ndQ05-rpt.doc W



4.0 Discussion and Recommendations

During the second quarter 2005, monitoring event, the groundwater sample collected from
monitoring well MW-2 contained TPHG at a concentration of 460 ug/ZL. No detectable
concentrations of BTEX components, or fuel oxygenates were present in the groundwater sample
collected from this well. The groundwater samples collected from wells MW-1, MW-3, and MW-4
during this event did not contain any detectable concentrations of TPHG, BTEX, or fuel oxygenates.

Quarterly monitoring will continue at the Branscomb Store site, as required by the RWQCB. The
next quarterly sampling event is scheduled for July 2005. The groundwater samples will be
analyzed for TPHG, BTEX, and fuel oxygenates, using EPA Method No. 8260B. Additionally, SHN
recommends that groundwater samples collected from site wells MW-1, MW-2, and MW-3 be
analyzed for dissolved iron (Fe), alkalinity, nitrate (NOs3), and sulfate (SO.). The results from these
additional analyses will provide supplementary information regarding the biodegradation of
petroleum hydrocarbons in groundwater at the site.

5.0 References Cited

SHN Consulting Engineers & Geologists, Inc. (April 2000). “Well Installation Report of Findings,
Harwood Products Branscomb Store, Branscomb, CA.” Eureka: SHN.
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Eureka:SHN
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Client: HARWOQD PRODUCTS Date; Y- 2s-05

Location: BRANSCOMB CA Weather: Cleqg

Top of Casing Water Surface
Sample Location Time of Reading Elevation DEPH&T:JVHET Elevation
(feet) ¢ {feet)

MW-1 eGY b 1529.31 S.29 /| 520 92
i cqyp v .08 | S35
MW-3 o 9‘1"3 1526.61 G 10 / Sho. 5f

®

o8 FORMSY, ENVIRD FORMS, Groundwater Elevation Form-Eureka.doc




812 W, WWabash » Eureka, C& 95501-2138 - TOT/441-B85E « FAX: TOT/441-8877 =shninfo@shn-engr.com

S N, E‘i f JCONSULTING ENGINEERS & GEOLOGISTS, INC.
/
!

Water Sampling Data Sheet

Froject Name: X 5 Lo9 m I Stap Date/Time: Y-20-08
Project No.: LS A<y Sampler Name: Dey,d £ @ ey
| Location: Beenscomb CH Sample Type: Ceowad  wahex
Well #: 1= f ' Weather Clage
Hyvdrocarbon Thickness /Depth (feet): MK Key Needed: rfg ¥4 N { mé -
Total Well Depth Initial Depth to Height of Water 0.163 gal/ft (2Z-inch well) { 1 Casing Volume
{feet) Water (feet) = Column (feet} 0.653 gal/ft (4-inch well) (gal}
[4e9s |- 8325 = [ bse | x| o163 | = Ltlo7
Water
i Do COq ORF } EC Temp H R
emoved Comments
Time 1 ppm) | (ppm) mV) | (uSlem)} | (P P e
=" _.:"—-—-—..
fo/l £, ?6 b Z Jf}m /
/157 f N2 e . 2 0, G4 /
/204 11,-’ 48 | 599 '-5r£?€ f*u:?g;f.
/208 |Ng Flov| (98 | 567° | 5.88 |2 ¢4
2l \Bsu cafl | /%8 AFY l_:?. G¢ 3ol
| |
| | |
|
| | |
' flb:f’/ :;;Gi‘i'ir{ﬂy-f' : :"’I‘.;Ipﬂ 4{
Purge Method: {,6[& diod /Eh,' { Total Volume Removed: 3 5.5~  {(gal)
Laboratory Information
! Sample ID # & Typeof | Preservative / Laboratory | Analyses
| Containers Type |
|kl { 3 el vor's e HEL NEL | W‘ﬁi /577 E’“ff MIBE
Well Condition: (5, i
. Remarks:
!-'E-I-‘Lr‘ .H Gked ?I £ 51 ‘i'l & & .’T:. T e n—:'rﬁ r"..-'r'f. f rf: i
RhiSs ENVERD FORME Sasn < Daiz Shegi-surcka.do




CONSULTING ENGINEERS & GEOLOGISTS, INC.

E12 W, Wabash » Eurgke, CA 95501-2138 - TO7/449-8855 « FAX: 7074418877 *shninfoi@shr-angr.com

STV

Water Sampling Data Sheet

Project Name: __3 B8 Lo an }'-;. St Date,/Time: ¥-20- o5
Project No.: LG Adnsy Sampler Name: Dav, d r‘i’“ : f"?q Vit =t
Locatdon: . Sample Type: Gevcnd  whiéx
Well #: P - 2 Weather Cleqg
Hydrocarbon Thickness /Depth (feet): NH Key Needed: YE £ Lol ol e
T 7
Eal Well Depth Initial Depth to _ Height of Water 0.163 galift (2-inch well) / 1 Casing Volume
{feet) Water (feet) Column (feet) * 0.653 galfft (4-inch well) igal)
[ 79, éc |- [[@os BN = | Jee
: Water |
Time kG Ch =RE T : Timp pH Removed | Comments
(ppm) (ppm) (mV) (uSfem) | (°F) (gal) |
ot - -
o194 0‘-&"3*} & ;:3::"1' | _i
/230 | [do | ~57 | . 0% e
/2 3k \Jj 420 | &L Y3 ,{59 ol
[240 | Ng Filow 3¢1 | 599° | €39 ,;».2554.,(

YY_|fhtn el | 363 5957 | bYo 3 C,) ]
1297 | 263 159.¢" |6Y3 P,
S S | _ |

| | | |
i
/370 | B < F e

Purge Method: f?/g”t[ E\’,’:." f[

Laboratory Information

Total Volume Removed: 4. 247  {gal}

Sample ID # & Typeof Preservative / - Laboratory Analyses -
Containers Type
-3 o i e : ; L 5 d _ ) ) _
- A | 3 - et o Sz ACL NEL FPYC / f3) L7 7 o
| i
|
|
Well Condition: Cili I,
. Remarks:
fi 2¢ J gkes ¢ / g BAY st e #71y] ."",'rl:':_T T i =




CONSULTING ENGINEERS & GEOLOGISTS, INC.

S7ir/

Water Sampling Data Sheet

E12 W, Wahash « Eureka, CA 55501-2158 » TO7/449.83855 » FAK: TOT/ME1-8877 =shninfodshr-anar.com

BREW.IMM '[’J Slet <

CFR057
Location: Bfﬁn_f cam b cH
Well #: -3 J
Hydracarbon Thickness / Depth (feet):

Project Name:

Project No.:

NH

Date/Time:
Sampler Name:
Sample Type:
Weather

Key Needed:

¥ -Jp o5

Day, d fe : /’gxm—d
Ground  whher
Clqmﬂ_

J)"’t"—"-‘; Doiﬂ/}ﬂ?

Total Well Depth Initial Depth to

Height of Water

0.163 gal/ft (Z-inch well) /

0.653 gal/ft (4-inch well)

1 Casing Volume

{gal}

(feat) Water {feet) Column {feet)

[ 2040 - wo | =] oo x | €63 | - [2.28

Time bo €0 QRE Be ! Timp | pH R:::fc:f;d Comments

{_;Em} (ppm) {mV) (uSfem) | (°F) (gal)

fecke ff:?fm APy

e 3 ) 218 ﬁgﬁéaf’.

A W/ 430 | sp° |26 |25°54),

122 | No Fiow Y32 | 562 | 143 | = .

(27| cail bay [ 50.¢° 1998 12 Zal.
/133 499 159° 1958 524,) |

142 | /38 | 599° 1066 YFGal. | Ty

|
|
| i
] [2AC .55»}.0& 7.:}5*11{ |
Purge Method: AL J  Ba,'{ Total Volume Removed: //, 20  (gal)
Laboratory Information
Sample ID # & Type of Preservative / Laboratory Analyses
Containers Type
M 3 3 ool i’ 73 AL | NCE '?Pfi’ﬁ’f'ﬁf‘ﬂjfmf&z:'

Well Condition:

Gaed

Remarks:

Tim~

r‘?icﬁm.ﬁfdr{ io 1"-5.3;3.:.?‘ _Swr}m":n'g,

G FORMEYENVIRD FORMS Water Sampling Data Shest-eurekacod




SV

JFCONSULTING ENGINEERS & GEOLOGISTS, INC.

Water Sampling Data Sheet

B12W, \Wabash » Eureka, CA 95501-2138 « 70T/441-BB55 « FAX: TOT/441-8877 =shninfo@shn-gngr.com

Hydrocarbon Thickness/Depth (feet}:

Project Name: Bty Shog Drate/Time:
Project No.: i Sampler Name:
Location: Beanscomb _CH Sample Type:
Well #: M- ¥ f Weather

AMH Key Needed:

4 A0 -cq

Dav,d £, ;’% fH L
Geoudd _ iefiee
Cleae

YE£ ﬁo{mﬁ;‘m

Total Well Depth

Initial Depth to

Height of Water

0.163 galfft {2-inch well} /

1 Casing Volume

{feet) Water (feet) = Caolumn {feet) 0.653 ga it {4-inch well) {gal)
[9.40 - | .18 | = [ 1222 | x| 6463 - [ 199
- i Water
o {I]’:}E} {Eﬁﬂ} 21]:2 {uSEffm} ]{T]?)P | pH RE;;\:]‘;fed Comments
095 ¢ i,.0] D | D ok
/032 i 3o R | | D,"fé; /
fevo | 451 | 56° 1903 | 4 ool
fo o5 | Ny Flaw ygz \ssz22 1024 1Y 2.
@ci i lbios il 4199 | 526" 193 | 6 3al
feSH | ' 493 |56,6° | 160 874
e 999 1603° 2% o &al ey
| | | |
| o
| | |
| 150 | Seumpls Fomle | | l

P, !

Purge Methdd: Hoal

Laboratory Information

Totzl Volume Removed: 10 npo
k]

{gal)

Sample 1D # & Type of Preservative / Laboratory Amnalyses
Containers Type
P |3 el wors | s KL | N TPHG [ BB f I prE.
! :
Well Condition: Gm}(l,
. Remarls:
iz b dks id fo /159767 <o g ot T i

CWIRD EORME VW et Sammpline Tats Shesteurskacos
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Appendix B

Historic Monitoring Data



Table B-1
Historic Groundwater Elevations
Branscomb Store, Branscomb, California
Sample Date Top of Casing Elevation| Depth to Water | Groundwater Elevation
Location (feet MSL)" (feet)’ (feet MSL)
MW-1 2/22/00 1,529.31 7.74 1,521.57
5/16/00 8.66 1,520.65
10/27/00 9.00 1,520.31
1/2/01 8.63 1,520.68
8/13/04 8.98 1,520.33
11/8/04 8.73 1,520.58
1/19/05 8.28 1,521.03
4/20/05 8.39 1,520.92
MW-2 2/22/00 1,529.67 8.13 1,521.54
5/16/00 8.42 1,521.25
10/27/00 9.00 1,520.67
1/2/01 8.52 1,521.15
8/13/04 8.90 1,520.77
11/8/04 8.63 1,521.04
1/19/05 7.94 1,521.73
4/20/05 8.08 1,521.59
MW-3 2/22/00 1,526.61 5.92 1,520.69
5/16/00 6.34 1,520.27
10/27/00 6.55 1,520.06
1/2/01 6.32 1,520.29
8/13/04 6.51 1,520.10
11/8/04 6.34 1,520.27
1/19/05 6.00 1,520.61
4/20/05 6.10 1,520.51
MW-4 2/22/00 1,528.32 6.98 1,521.34
5/16/00 7.40 1,520.92
10/27/00 7.69 1,520.63
1/2/01 7.43 1,520.89
8/13/04 7.69 1,520.63
11/8/04 7.41 1,520.91
1/19/05 7.05 1,521.27
4/20/05 7.18 1,521.14
1. MSL: Mean Sea Level
2. Below top of casing

G:\1992\092057 Branscomb Store\data\ SHN Consulting Engineers
HistoricData2ndQ05.xIs\B-1 GW Elev B-1 & Geologists, Inc.



Table B-2
Historic Groundwater Analytical Results
Branscomb Store, Branscomb, California
(in ug/L)*
Sample | pate | TPHG? | Benzene®| Toluene?| EY! . Total .| MTBE' | TBA® DIPE’ ETBE' | TAME’
Location benzene” | Xvlenes
MW-1 | 2/22/00 170 <0.50° <0.50 <0.50 1.1 <3.0 NA® NA NA NA
5/16/00 <50 <0.50 <0.50 <0.50 <0.50 <0.50 <10 <1.0 <1.0 <1.0
10/27/00 <50 <0.50 <0.50 <0.50 <0.50 <0.50 <10 <1.0 <1.0 <1.0
1/2/01 <50 <0.50 <0.50 <0.50 <0.50 <3.0 NA NA NA NA
8/13/04 <50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
11/8/04 <50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
1/19/05 <50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
4/20/05 <50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
MW-2 2/22/00 2,400 <0.50 <5.0 <4.0 <4.0 3.0 NA NA NA NA
5/16/00 1,500 <0.50 <0.50 <0.50 <0.50 2.2 <10 <1.0 <1.0 <1.0
10/27/00 240 <0.50 <0.50 <0.50 <0.50 2.9 <10 <1.0 <1.0 <1.0
1/2/01 820 <0.50 <0.50 <0.50 <0.50 3.2 NA NA NA NA
8/13/04 400 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
11/8/04 330 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
1/19/05 280 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
4/20/05 460 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
MW-3 2/22/00 <50 <0.50 <0.50 <0.50 <0.50 45 NA NA NA NA
5/16/00 <50 <0.50 <0.50 <0.50 <0.50 <0.50 <10 <1.0 <1.0 <1.0
10/27/00 <50 <0.50 <0.50 <0.50 <0.50 <0.50 <10 <1.0 <1.0 <1.0
1/2/01 <50 <0.50 <0.50 <0.50 <0.50 <3.0 NA NA NA NA
8/13/04 <50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
11/8/04 <50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
1/19/05 <50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
4/20/05 <50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
MW-4 2/22/00 <50 <0.50 <0.50 <0.50 <0.50 5.3 NA NA NA NA
5/16/00 <50 <0.50 <0.50 <0.50 <0.50 <0.50 <10 <1.0 <1.0 <1.0
10/27/00 <50 <0.50 <0.50 <0.50 <0.50 <0.50 <10 <1.0 <1.0 <1.0
1/2/01 <50 <0.50 <0.50 <0.50 <0.50 <3.0 NA NA NA NA
8/13/04 <50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
11/8/04 <50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
1/19/05 <50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
4/20/05 <50 <0.50 <0.50 <0.50 <0.50 <1.0 <10 <1.0 <1.0 <1.0
[ L. ugZL. micrograms per LIter
2. TPHG: Total Petroleum Hydrocarbons as Gasoline, analyzed in general accordance with EPA Method No. 8260B.
3. Benzene, Toluene, Ethylbenzene, and total Xylenes, analyzed in general accordance with EPA Method No. 8260B.
4. Fuel Oxygenates: MTBE (Methyl Tertiary-Butyl Ether), TBA (Tertiary-Butyl Alcohol), DIPE (Diisopropyl Ether), ETBE (Ethyl Tertiary-Butyl {
and TAME (Tertiary-Amyl Methyl Ether), analyzed in general accordance with EPA Method No. 8260B.
5. <: denotes a value that is "less than" the laboratory method detection limit.
6. NA: Not Analyzed

SHN Consulting Engineers
& Geologists, Inc.

G:\1992\092057 Branscomb Store\data\

HistoricData2ndQO05.xIs\B-2 GW Analytical Data B-2



Table B-3
Historic DO, DCO,, and ORP Measurement Results
Branscomb Store, Branscomb, California
Sample Date DO! DCO,° ORP*
Location (ppm)? (Ppm) (mV)°
MW-1 5/16/00 0.80 40 235
10/27/00 0.57 60 135
1/2/01 0.63 30 98
8/13/04 0.56 80 56
11/8/04 0.90 40 125
1/19/05 1.21 50 83
4/20/05 0.76 40 202
MW-2 5/16/00 0.49 50 -30
10/27/00 0.50 70 -35
1/2/01 0.58 70 82
8/13/04 0.55 120 -102
11/8/04 0.80 90 -20
1/19/05 0.80 140 28
4/20/05 0.63 120 -57
MW-3 5/16/00 0.58 20 140
10/27/00 0.59 20 125
1/2/01 1.68 30 83
8/13/04 0.54 25 22
11/8/04 1.43 30 109
1/19/05 2.96 30 53
4/20/05 2.07 30 218
MW-4 5/16/00 0.53 20 175
10/27/00 0.56 20 110
1/2/01 2.54 20 65
8/13/04 0.59 20 53
11/8/04 1.34 20 108
1/19/05 3.39 30 89
4/20/05 1.01 30 216
[ 1. DO: Dissolved Oxygen, field measured using portable instrumentation.
2. ppm: parts per million.
3. DCO,: Dissolved Carbon Dioxide, field measured using a field test Kit.
4. ORP: Oxidation-Reduction Potential measured using portable instrumentation.
5. mV: millivolts

G:\1992\092057 Branscomb Store\data\
HistoricData2ndQO05.xIs\B-3 Nat Attenuation

B-3

SHN Consulting Engineers
& Geologists, Inc.



Appendix C

Laboratory Analytical Report



|

L

May 02, 2005

SHN Cdnsulting Engineers and Geologists
812 West Wabash Avenue
Eureka, CA 95501

Attn: Frans Lowman

* RB: 092057, Branscomb Store

SAMPLE IDENTIFICATION

Fraction ' Client Sample Description

01A - MW-4
02A MW-3
03A MW-1
04A MW-2

REPORT CERTIFIED BY

T T S Q(Q/L/; _______ |

NORTH COAST
LABORATORIES LTD.

Order No.: = 0504459
Invoice No.: 49777
PO No.: '

ELAP No. 1247-Expires July 2006

ND = Not Detected at the Repborﬁng Limit
Limit = Reporting Limit :

All solid results are expressed on a wet-
weight basis unless otherwise noted.

Laboratory Supervisor(s) QA Unit

o
o

Laboratory Director

5680 West End Road e Arcata Califorr'l‘ia 95521-9202 » 707-822-4649 « FAX 707-822-6831

%@ Printed on Recyoled Paper



L]

S B

North Coast Laboratories, Ltd. Date: 02-May-05

CLIENT: SHN Consulting Engineers and Geologists :
Project: 092057, Branscomb Store CASE NARRATIVE

Lab Order: 0504459

Gasoline Components/Additives: - :

Sample MW-2 does not present a peak pattern consistent with that of gasoline. However, the reported
result represents the amount of material in the gasoline range. The peaks elute towards the end of the
gasoline range. In our judgement the material appears to be a product heavier than gasoline. Due to the
differences in the purging efficiency of these heavier materials the results may be variable.

NORTH COAST LABORATORIES
5680 West End Road - Arcata, California 95521-9202 - 707-822-4649 - FAX 707-822-6831

':5 Printed an Recycled Papar



Date: 02-May-05
WorkOrder: 0504459

ANALYTICAL REPORT

Client Sample ID: MW-4
Lab ID: 0504459-01A

Test Name; Gasoline Components/Additives

Received: 4/20/05

Reference: LUFT/EPA 8260B Modified |

Collected: 4/20/05 11:50

Parameter Result Limit Units DF Extracted Analyzed
Methy! tert-butyl ether (MTBE) ND 1.0 Ho/L 1.0 4/27/05
Tert-butyl alcohol (TBA) ND 10 pa/L 1.0 4/27/05
Di-isopropyl ether (DIPE) ND 1.0 Ho/L 1.0 4/27/05
Ethyl tert-butyl ether (ETBE) ND 1.0 pa/L 1.0 4/27/05
Benzene ND 0.50 Mg/l 1.0 4/27/05
Tert-amyl methyl ether (TAME) ND 1.0 Ho/L 1.0 4/27/05
Toluene ND 0.50 pg/L 1.0 4/27/05
Ethylbenzene ND 0.50 pa/L 1.0 4/27/05
m,p-Xylene ND 0.50 pg/L 1.0 4/27/05
o-Xylene ND 0.50 pa/L 1.0 4/27/05

Surrogate: 1,4-Dichlorobenzene-d4 83.5 80.8-139 % Rec 1.0 4/27/05

Test Name: TPH as Gasoline Reference: LUFT/EPA 8260B Modified

Parameter Result Limit Units DF Extracted Analyzed
TPHC Gasoline ND 50 Hg/L 1.0 4/27/05

Client Sample ID: MW-3 Received: 4/20/05 Collected: 4/20/05 12:20

Lab ID: 0504459-02A

Test Name: Gasoline Components/Additives

Parameter
Methy! tert-butyl ether (MTBE)
Tert-butyl alcohol (TBA)
Di-isopropyl ether (DIPE)
Ethyl tert-butyl ether (ETBE)
Benzene
Tert-amyl methyl ether (TAME)
Toluene
Ethylbenzene
m,p-Xylene
o-Xylene
Surrogate: 1,4-Dichlorobenzene-d4

Test Name: TPH as Gasoline

Parameter
TPHC Gasoline

Reference: LUFT/EPA 8260B Modified

Result Limit Units DF Extracted
ND 1.0 pg/L 1.0 '
ND 10 pg/L 1.0
ND 1.0 ug/L 1.0
ND 1.0 Hg/L 1.0
ND 0.50 Hg/L 1.0
ND 1.0 pg/L 1.0
ND 0.50 ug/L 1.0
ND 0.50 g/l 1.0
ND 0.50 pg/L 1.0
ND 0.50 pg/L 1.0

81.1 80.8-139 % Rec 1.0

Reference: LUFT/EPA 8260B Modified
Result * Limit Units DF Extracted
ND 50 pg/l 1.0

NORTH COAST LABORATORIES

5680 West End Road « Arcata, California 95521-9202 « 707-822-4649 - FAX 707-822-6831

3 Printadon Recycled Papar

Analyzed
4/27105
4/27/05
4/27/05
4/27/05
4/27/05

. 4/27/05
4/27/05
4/27/05
4/27/05
4/27/05
4/27/05

Analyzed
4/27/05

Page 1 of 2



Date: 02-May-05 ANALYTIC AL REPORT

WorkOrder: 0504459

Client Sample ID: MW-1 : Received: 4/20/05 Collected: 4/20/05 12:55
Lab ID: 0504459-03A

Test Name: Gasoline Components/Additives Reference: LUFT/EPA 8260B Modified |
Parameter ‘ Result Limit Units DF Extracted Analyzed
Methyl tert-butyl ether (MTBE) ND 1.0 Mo/l 1.0 . 4/27/05
Tert-butyl alcohol (TBA) ND 10 po/l 1.0 4/27/05
Di-isopropy! ether (DIPE) ND 1.0 Ho/L 1.0 - 4/27/05
Ethyl tert-butyl ether (ETBE) ND 1.0 ug/L 1.0 ' 4/27/05
Benzc_ene ND 0.50 Mg/l 1.0 ) 4/27/05
Tert-amyl methyl ether (TAME) ND 1.0 ug/L 1.0 4/27/05
Toluene ' ND 0.50 pgll 1.0 ‘ 4127105
Ethylbenzene ND 0.50 Mg/l 1.0 : 4/27/05
m,p-Xylene ND 0.50 pg/L 1.0 1 4/27/05
o-Xylene ND 0.50 Hg/L 1.0 ‘ 4/27105
Surrogate: 1,4-Dichlorobenzene-d4 85.6 80.8-139 % Rec 1.0 ) 4/27105
Test Name: TPH as Gasoline Reference: LUFT/EPA 8260B Modified .
Parameter Result Limit Units . DFE Extra?ted Analyzed
TPHC Gasoline ND 50 pg/L 1.0 - j 4127105
Client Sample ID: MW-2 Received: 4/20/05 Collected: 4/20/05 13:10

Lab ID: 0504459-04A

Test Name: Gasoline Components/Additives Reference: LUFT/EPA 8260B Modified .

Parameter Result Limit ~ Units DF Extracted Analyzed
Methy! tert-butyl ether (MTBE) ND 1.0 Hg/L 1.0 . 4/27/05
Tert-butyl alcohol (TBA) ND 10 pg/L 1.0 4/27/05
Di-isopropyl ether (DIPE) ND 1.0 ug/L 1.0 ‘ 4/27/05
Ethy! tert-butyl ether (ETBE) ND 1.0 po/L 1.0 : ) 4/27/05
Benzene ‘ ND 0.50 © Mg/l 1.0 4/27/05
Tert-amyl methyl ether (TAME) ' ND 1.0 ug/L 1.0 4/27/05
Toluene ND 0.50 Hg/l 1.0 4/27/05
Ethylbenzene ND 0.50 yg/L 1.0 . S 4/27/05
m,p-Xylene ‘ ND 0.50 g/l 1.0 4/27/05
o-Xylene ND 0.50 Hg/L 1.0 f 4127/05

Surrogate: 1,4-Dichlorobenzene-d4 90.0 80.8-139 % Rec 1.0 4/27/05

Test Name: TPH as Gasoline Reference: LUFT/EPA 8260B Modified -

Parameter Result Limit Units DF Extracted Analyzed

TPHC Gasoline 460 50 Mg/l 1.0 4/27/05

Page 2 of 2

NORTH COAST LABORATORIES
5680 West End Road - Arcata, California 95521-9202 - 707-822-4649 - FAX 707-822-6831.
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Appendix D

Intrinsic Bioremediation for Hydrocarbons

Intrinsic bioremediation is the degradation of a contaminant, such as petroleum hydrocarbons, by
naturally occurring organisms. These organisms metabolize the contaminant as a primary carbon
source. In addition to requiring a carbon source, an electron acceptor, such as oxygen, is required
for organisms to metabolize the contaminant. The occurrence of intrinsic bioremediation can be
demonstrated by measuring the loss of the contaminant concentration and electron acceptor, the
increase in concentrations of metabolic by-products, and the change in concentrations of
geochemical indicators. In some cases (ideally when the contaminant concentrations are low),
natural degradation processes will reduce dissolved concentrations below the Maximum
Contaminant Level (MCL) for drinking water standards, before reaching any nearby receptors. A
detailed discussion for each indicator is presented below. Table 1 summarizes trends to look for
when evaluating indicators of intrinsic bioremediation at a site.

Table D-1
Summa of Intrinsic Bioremediation Parameters
. Contaminant Plume Downgradient Related to
Groundwater Analytical Parameter .
Related to Background Contaminant Plume

Contaminant Increases Decreases
Dissolved Oxygen Decreases Increases
Dissolved Carbon Dioxide Increases Decreases
Reduction/ Oxidation Potential Decreases Increases
Alkalinity Increases Decreases
Nitrate Decreases Increases
Manganese (1) Increases Decreases
Iron (1) Increases Decreases
Sulfate Decreases Increases
Dissolved Methane Increases Decreases

Dissolved Oxygen

Dissolved Oxygen (DO) is the favored electron acceptor for aerobic biodegradation of petroleum
hydrocarbons (Buscheck, O'Reilly, 1995). Dissolved oxygen provides the most energy for
microorganisms to metabolize petroleum hydrocarbons. However, the transfer of oxygen from the
atmosphere to groundwater is slow and can cause oxygen depletion within the plume (Borden,
Bedient, 1986), a decrease of DO concentrations within the plume is an indication that
microorganisms are present. Threshold concentrations of DO for aerobic biodegradation range
from 1 to 2 milligrams per Liter (mg/L) (McAllister, Chiang, 1994).

G:\1992\092057 Branscomb Store\rpt\2ndQ05-rpt.doc m
D-1



Dissolved Carbon Dioxide

Dissolved Carbon Dioxide (DCO;) is produced as petroleum hydrocarbons are biologically
metabolized. If DCO; concentrations are not removed by the natural carbonate buffering system
(measured as alkalinity), the DCO; levels within the plume should be greater than background
levels (Weidemeier et al., 1994).

Reduction-Oxidation Potential

The reduction-oxidation (redox) potential of groundwater is a measure of electron activity and is a
measure of the relative tendency of a solute species to accept (gain) or transfer (lose) electrons.
Oxidation is defined as "the loss of electrons while reduction is the gain of electrons” (Buscheck,
O'Reilly, 1995).

Microorganisms catalyze nearly all the important redox reactions that occur in the groundwater.
Microorganisms and their enzymes are involved in the redox process in order to acquire energy for
the synthesis of new cells and maintenance of old cells (Freeze, Cherry, 1979). Therefore, redox
reactions depend upon and influence rates of biodegradation. The redox potential for aerobic
metabolism is greater than 50 millivolts (mV), while anaerobic metabolism has a redox potential
less than 50 mV (US EPA, 1996 A). The redox potential inside the contaminant plume should be
less than background levels. Table 2 lists preferred reactions by energy potential.

Table D-2
Preferred Reactions by Energy Potential
Electron Acceptor Type of Reaction Metabolic By-Product Reaction
Preference

Oxygen Aerobic CO, Most Preferred
Nitrate Anaerobic Nz, CO; o
Manganese 1V) (solid) Anaerobic Manganese Il (soluble) o
Iron (111) (solid) Anaerobic Iron Il (soluble) o
Sulfate Anaerobic H.S o

Carbon Dioxide Anaerobic Methane Least Preferred

pH

The pH is a logarithmic measure of the hydrogen ion activity. An optimal range for
microorganisms is a pH range from 6-8 (Baker, Herson, 1994). The pH can be effected by biological
activity when organic acids are produced as organisms metabolize contaminants. The pH can also
effect the availability and mobility of nutrients and contaminants.

Alkalinity

Total alkalinity is a measure of water's capacity to absorb hydrogen ions without significant pH
change. Alkalinity results from bicarbonates, carbonates and hydroxides (Viessman, Hammer,
1985). These species result from the dissolution of rock (such as carbonate rocks), the transfer of
carbon dioxide into water, and respiration of microorganisms (Weidemeier et al., 1995). Alkalinity
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is important because it buffers the groundwater system from organic acids produced from aerobic
and anaerobic biodegradation processes. Alkalinity concentrations within the plume should be
greater than background.

Nitrate

Once microorganisms have depleted concentrations of dissolved oxygen, an alternative electron
acceptor may be utilized for anaerobic biodegradation. Depending upon the availability of nitrate
(NOs) in the groundwater, a process known as denitrification may occur. Microorganisms utilize
nitrate as an electron acceptor and convert nitrate into nitrite (NO2) and eventually into nitrogen
gas (N2) (Baker, Herson, 1994). Nitrate concentrations in the plume should be less than
background.

Manganese (I1)

When groundwater becomes depleted of dissolved oxygen and nitrate, conditions are sufficiently
reducing for the reduction and dissolution of manganese coatings. These reactions result in
reduced manganese in the groundwater (Carey et al. 1996). The use of manganese (IV) as a
terminal electron acceptor by microorganisms yields a reduced water-soluble manganese (I1).

Ferrous Iron

In some cases iron (l11) or ferric iron is used as an electron acceptor in anaerobic biodegradation of
petroleum hydrocarbons. Iron reduction is the conversion by microorganisms of iron (1) to
ferrous iron or iron (1) (Buscheck, O'Reilly, 1995). The ferrous iron will be in a soluble form
depending upon the Eh/pH conditions. Ferrous iron concentrations should be greater inside the
plume than background. As soon as iron rich groundwater comes into contact with dissolved
oxygen, the dissolved iron (1) will immediately oxidize to iron (l11) and subsequently precipitate as
iron coatings on soil sediments (Appelo and Postma, 1993).

Sulfate

Sulfate (S042-) is another alternative electron acceptor, once microorganisms have depleted oxygen.
Sulfate reduction is the conversion of sulfate to hydrogen sulfide (H2S). A reduction of sulfate
concentrations across the plume is an indication that anaerobic biodegradation is occurring
(Weidemeier et al., 1995).

Methane

Methane is produced only under strong reducing conditions by a group of strict anaerobes.
Methanogens use CO; as a terminal electron acceptor and produce methane (ASTM, 1996).
Table 2 shows that Methanogenic reactions are the least thermodynamically favored
(USEPA, 1996 B).
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